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A B S T R A C T
Background
Teachers and school staff should be competent in managing asthma in schools. Demonstrated low levels of asthma knowledge mean
that staff may not know how best to protect a child with asthma in their care, or may fail to take appropriate action in the event of a
serious attack. Education about asthma could help to improve this knowledge and lead to better asthma outcomes for children.
Objectives
To assess the effectiveness and safety of asthma education programmes for school staff, and to identify content and attributes under-
pinning them.
Search methods
We conducted the most recent searches on 29 November 2016.
Selection criteria
We included randomised controlled trials comparing an intervention to educate school staff about asthma versus a control group. We
included studies reported as full text, those published as abstract only and unpublished data.
Data collection and analysis
At least two review authors screened the searches, extracted outcome data and intervention characteristics from included studies and
assessed risk of bias. Primary outcomes for the quantitative synthesis were emergency department (ED) or hospital visits, mortality and
asthma control; we graded the main results and presented evidence in a ’Summary of findings’ table. We planned a qualitative synthesis
of intervention characteristics, but study authors were unable to provide the necessary information.
We analysed dichotomous data as odds ratios, and continuous data as mean differences or standardised mean differences, all with
a random-effects model. We assessed clinical, methodological and statistical heterogeneity when performing meta-analyses, and we
narratively described skewed data.
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Main results
Five cluster-RCTs of 111 schools met the review eligibility criteria. Investigators measured outcomes in participating staff and often in
children or parents, most often at between 1 and 12 months.
All interventions were educational programmes but duration, content and delivery varied; some involved elements of training for pupils
or primary care providers. We noted risk of selection, performance, detection and attrition biases, although to a differing extent across
studies and outcomes.
Quanitative and qualitative analyses were limited. Only one study reported visits to the ED or hospital and provided data that were
too skewed for analysis. No studies reported any deaths or adverse events. Studies did not report asthma control consistently, but
results showed no difference between groups on the paediatric asthma quality of life questionnaire (mean difference (MD) 0.14, 95%
confidence interval (CI) -0.03 to 0.31; 1005 participants; we downgraded the quality of evidence to low for risk of bias and indirectness).
Data for symptom days, night-time awakenings, restricted activities of daily living and school absences were skewed or could not be
analysed; some mean scores were better in the trained group, but most differences between groups were small and did not persist to 24
months.
Schools that received asthma education were more adherent to asthma policies, and staff were better prepared; more schools that
had received staff asthma training had written asthma policies compared with control schools, more intervention schools showed
improvement in measures taken to prevent or manage exercise-induced asthma attacks and more staff at intervention schools reported
that they felt able to administer salbutamol via a spacer. However, the quality of the evidence was low; results show imbalances at
baseline, and confidence in the evidence was limited by risk of bias and imprecision. Staff knowledge was higher in groups that had
received asthma education, although results were inconsistent and difficult to interpret owing to differences between scales (low quality).
Available information about the interventions was insufficient for review authors to conduct a meaningful qualitative synthesis of the
content that led to a successful intervention, or of the resources required to replicate results accurately.
Authors’ conclusions
Asthma education for school staff increases asthma knowledge and preparedness, but studies vary and all available evidence is of low
quality. Studies have not yet captured whether this improvement in knowledge has led to appreciable benefits over the short term or the
longer term for the safety and health of children with asthma in school. Randomised evidence does not contribute to our knowledge
of content or attributes of interventions that lead to the best outcomes, or of resources required for successful implementation.
Complete reporting of the content and resources of educational interventions is essential for assessment of their effectiveness and
feasibility for implementation. This applies to both randomised and non-randomised studies, although the latter may be better placed
to observe important clinical outcomes such as exacerbations and mortality in the longer term.
P L A I N L A N G U A G E S U M M A R Y
Asthma education for school staff
Background to the question
Teachers and school staff need to know how to manage asthma in schools. If they have little knowledge of asthma, staff may not know
how best to protect a child with asthma, or may fail to act in the event of a serious attack. We aimed to assess the benefits and possible
harms of asthma education for school staff, and to explore how this education can best be delivered.
Study characteristics
We found five studies including more than 100 schools that compared an asthma education programme for school staff against a
control. Researchers measured outcomes for teachers and staff, and often for children or parents as well, most often at between 1 and
12 months. We conducted the most recent search for studies on 29 November 2016.
Main results
We could not tell whether educating school staff reduced the number of children who needed to visit the emergency department (ED)
or hospital, and no studies reported any deaths. Study authors measured asthma control in different ways but found little benefit,
especially more than a year after the intervention was provided.
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Schools that received asthma education stuck to asthma policies better and staff were better prepared; more schools that had received
staff asthma training had written asthma policies compared with control schools, more intervention schools showed improvement in
measures taken to prevent or manage exercise-induced asthma attacks and more staff at intervention schools felt that they were able to
administer salbutamol using a spacer.
We wanted to assess what the education sessions should cover and how they could best be delivered, but we did not find enough
information to do this.
To sum up, asthma education for school staff increases asthma knowledge and preparedness in the schools, but we do not know much
about actual benefits of this education for children with asthma.
Quality of the evidence
The small number of studies and the variation between them mean that we cannot be sure of the overall effect of educating school staff
about asthma. The ways researchers allocated schools, teachers or children to groups may have caused some bias. Also, the fact that
teachers knew whether they were in the active or control group may have affected how they behaved and answered questionnaires, and
this may have led to overestimation of benefits. Lots of people who were included in the studies did not return questionnaires at the
end of the study, which means that we do not have a full picture of the results of asthma education interventions.
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S U M M A R Y O F F I N D I N G S F O R T H E M A I N C O M P A R I S O N [Explanation]
Asthma education for school staff compared with control
Patient or population: school staf f
Settings: schools of any type
Intervention: educat ion about asthma
Comparison: no educat ion
Outcomes Illustrative comparative risks* (95% CI) Number of participants
(studies)
Quality of the evidence
(GRADE)
Comments
Assumed risk Corresponding risk
Control group Staff asthma education
Visits to ED/ hospital
Over previous 12 months,
measured at 1 and 2 yearsa
One study reported mean numbers of hospital visits, ED
visits and urgent care visits per child in educat ion and
control groups at 1 year and 2 years
Data were skewed and were not pooled
472
(1 RCT)
Bruzzese 2006
Not graded
M ortality No studies reported the outcome. None mentioned any
deaths during the study period
0 RCTs Not graded
Asthma control
Quality of lif e (PAQLQ)
0 to 7 scale; higher is better
6 months to 1 year
Mean score in the control
group was 5.15
Mean score in the interven-
t ion groups was
0.14 better (0.03 worse to
0.31 better)
1005
(2 RCTs)
⊕⊕©©
LOWb,c,d,e
MCID of the scale is 0.5 -
dif f erence not stat ist ically
or clinically signif icant
Asthma control
Narrat ive
1 year and 2 years
Mean night-t ime awakenings, symptom days and disrup-
t ion to ADLs were a bit lower in the intervent ion group at
1 year, but the data are skewed and dif f icult to interpret.
No apparent dif f erence af ter 2 years
472
(1 RCT)
Bruzzese 2006
Not graded Skewed data, not analysed
Adherence to asthma poli-
cies
6 months to 1 year
6/ 28 control schools had an
asthma policy at the end of
the study
16/ 29 schools that received
educat ion had an asthma
policy
57 schools
(2 RCTs)
⊕⊕©©f,g
LOW
All results better in the edu-
cat ion group, but some im-
balances at baseline
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4/ 12 control schools im-
proved measures to prevent
attacks
14/ 17 schools that received
educat ion improved mea-
sures to prevent attacks
29 schools
(1 RCT)
3/ 16 control schools were
able to administer salbuta-
mol
14/ 17 schools that received
educat ion were able to ad-
minister salbutamol
Absenteeism related to
asthma
Narrat ive
Mean absences were a bit lower in the intervent ion group
at 1 year, but the data are skewed and dif f icult to interpret.
No apparent dif f erence at 2 years
472
(1 RCT)
Bruzzese 2006
Not graded Skewed data, not analysed
Staff preparedness -
asthma knowledge
NAKQ 0 to 31 scale; higher
is better. 1 to 8 months
Mean NAKQ score in the
control group was 16.33
Mean score in the interven-
t ion groups was 0.74 stan-
dard deviations better (0.
33 to 1.16 SDs better)
640
(3 RCTs)
⊕⊕©©b,h
LOW
Two studies used the NAKQ;
1 used the AGKQ. Analysis
conducted using SMD
* The basis for the assumed risk (e.g. median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% conf idence interval) is based on
the assumed risk in the comparison group and the relative effect of the intervent ion (and its 95% CI)
AGKQ: Asthma General Knowledge Quest ionnaire; CI: conf idence interval; ED: emergency department; MCID: minimal clinically important dif f erence; NAKQ: Newcast le Asthma
Knowledge Quest ionnaire; PAQLQ: Paediatric Asthma Quality of Life Quest ionnaire; RCT: randomised controlled trial; RR: risk rat io; SMD: standardised mean dif ference
GRADE Working Group grades of evidence
High quality: Further research is very unlikely to change our conf idence in the est imate of ef fect
M oderate quality: Further research is likely to have an important impact on our conf idence in the est imate of ef fect and may change the est imate
Low quality: Further research is very likely to have an important impact on our conf idence in the est imate of ef fect and is likely to change the est imate
Very low quality: We are very uncertain about the est imate
aReport ing mean number of events per child can be a skewed way to report these data, which appears likely given the size of
the SDs. Mean dif ference must be interpreted with caut ion
bDowngraded for risk of bias. Self -reported measure that would be subject to performance and detect ion biases. Possible
select ion and attrit ion bias as well
cNot downgraded for inconsistency. One study used student report and one used a caregiver scale. Results are not stat ist ically
inconsistent but are dif f icult to interpret
dNot downgraded for imprecision. Conf idence lim its cross the line of no ef fect but lie within the MCID for the scale
eDowngraded for indirectness as quality of lif e is not a direct measure of asthma control, only really a proxy
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f Downgraded for imprecision. Conf idence intervals did not cross the line of no ef fect but were very wide, ranging f rom a
modest to a very large ef fect
gDowngraded for risk of bias. Issues with performance and detect ion bias may not be direct ly relevant to this outcome, but
problems with allocat ion concealment may have introduced select ion bias
hDowngraded for inconsistency (I² = 71%)
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B A C K G R O U N D
Description of the condition
Asthma, the most common childhood long-term condition, has
increased in prevalence over the past two decades. As many as 334
million people worldwide are affected by asthma, and in some
countries, up to 20% of 13- to 14-year-olds have asthma symp-
toms (Global Asthma Report 2014). Great advances in diagnosis
and treatment have been made, but considerable morbidity and
mortality are reported worldwide, particularly in lower- and mid-
dle-income countries (Global AsthmaReport 2014). Since inhaled
steroids were introduced, researchers have observed a significant
drop in asthmamortality, but rates have failed to improve in recent
years (Martinez 2008). Childhood asthma is a leading cause of
school absence, impacting negatively individual educational op-
portunities and more widely economies through increased time
off work for parents and guardians (Meng 2012). Children with
asthmahave higher rates of school absence and grade failure and are
at greater risk of learning disability than children without health
conditions (Fowler 1992).
Access to and compliance with inhaled medications and owner-
ship of a personalised asthma action plan (PAAP) are important
factors in the control of day-to-day symptoms and in prevention
of life-threatening attacks (BTS/SIGN 2014; GINA 2015). Chil-
dren and adults who are socially isolated or who belong to mi-
nority groups have higher rates of mortality and morbidity associ-
ated with asthma (Global Asthma Report 2014). This may be re-
lated at least in part to reduced compliance and less commonplace
use of PAAPs in these populations, although uptake of PAAPs in
general is surprisingly low (Ring 2015) despite long-term recom-
mendations for their use (BTS/SIGN 2014; GINA 2015). Lack
of knowledge, high costs, limited access to primary health care,
myths about medication, worries about addiction or side effects
and difficult dosing regimens all contribute to poor compliance
(Cochrane 1999).
The National Review of Asthma Deaths (NRAD) in the UK re-
cently reported that 80% of deaths among children younger than
10 years of age and around three-quarters of deaths among 10-
to 19-year-olds happened before patients reached the hospital
(NRAD 2015). Furthermore, NRAD found potentially avoidable
factors that contributed to 90% of deaths in children and young
people. As a result, the report describes overall care of children
with asthma as inadequate, and a key recommendation of the re-
port is that “parents and children, and those that care for or teach
them, should be educated about managing asthma”.
Description of the intervention
Children spend a considerable proportion of their waking hours in
school, andmuch work has been aimed atmanaging asthma in this
environment (Cicutto 2014). Lack of knowledge in schools and
among teaching staff has been recognised as a potential contrib-
utor to preventable morbidity and mortality (Murphy 2006). It
is important to understand what can go wrong with management
of asthma in schools, so that guidelines for educational interven-
tions can be compiled for staff. No agreement has been reached on
what constitutes a successful educational intervention for school
staff (Coffman 2009), but problem areas to be addressed include
poor access to asthma medications in schools, use of out-of-date
inhalers, local regulations about medication administration and
confusion about inhaler types and the ways in which they are used
(Hillemeier 2006; Reznik 2015). Indeed, given the proliferation
of inhaler devices and types of medications, it has become confus-
ing even for those who work in health care to stay up-to-date with
medications and how and when to use them (Baverstock 2010;
Hanania 1994). School staff may hope to rely on the school nurse
to be the expert; however, this does not remove the responsibility
of school staffmembers to have sufficient knowledge to know how,
why and when they should call for assistance or use medication
(NRAD 2015).
Asthma charities and research organisations list various specific,
deliverable interventions that may improve the safety of children
and young people with asthma in school, ranging from simple
checklists to ensure that each child has his or her own PAAP and
in-date inhalers to more complex online education packages (e.g.
Asthma UK; NAEPP 2014). Educational interventions may take
various forms, from teaching staff and teachers to recognise the
symptoms of a distressed child to ensuring that they have con-
fidence in managing a full-blown asthma attack. School policies
vary locally and internationally but can be basic, non-specific to
asthma, voluntary and difficult to enforce. For example, the UK
government has issued regulations to help school governing bod-
ies develop a policy that supports pupils with medical conditions,
“so that they can play a full and active role in school life, remain
healthy and achieve their academic potential” (Department for
Health 2015). This document outlines advice on the responsibil-
ities of governing bodies, head teachers, parents, pupils, school
staff, school nurses and healthcare professionals but does not de-
tail how policies or training for staff should be designed or imple-
mented, and stresses that policy templates are voluntary. Asthma
attacks are difficult and frightening to witness, and school staff
should receive specific training so they can act quickly and ap-
propriately (Wu 1998). Fear associated with asthma attacks and
lack of self-efficacy among untrained staff can serve as barriers to
appropriate care for children in life-threatening situations (Abdel
Gawwad 2007).
How the intervention might work
Asthma education for school staff aims to increase the knowledge
of those responsible for children and young people with asthma.
Ultimately, the aims of any asthma education programme or pol-
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icy within a school are to prevent children from dying as the re-
sult of a slow or incorrect response to an asthma attack, and to
encourage and promote effective management of a child’s symp-
toms to reduce the effects of asthma on quality of life and edu-
cation. These outcomes may be difficult to capture in practice,
and demonstration and description of benefits following educa-
tional interventions have long been problematic and enthusias-
tically sought (Bates 2004). Education on self-management for
people with asthma has been shown consistently to improve out-
comes (BTS/SIGN 2014), but it is unclear how one can best mea-
sure the effects of an intervention that is focused on school staff.
Short-term outcomes regarding how the intervention has worked
in terms of staff knowledge and preparedness may be most obvious
and easiest to measure, but more important is the intended benefit
for asthma-related outcomes among children and adolescents with
asthma, which may take longer to become apparent.
The school environment poses unique andmanifest challenges, in-
cluding co-ordination and collaboration between adult and child,
and between family and school, and these challenges can be made
more difficult by differences in language and literacy (Williams
1998). Any asthma education intervention aimed at school staff
should work by sharing key information specific to each child, so
that the responsibility for recognising potentially dangerous symp-
toms at school lies not only with the child’s teacher, but also with
other staff in contact with the child, with parents and with the
child himself (NAEPP 2014).
Why it is important to do this review
Children and young people still die at home and in school, and po-
tentially avoidable factors contribute to their death in at least 9 out
of 10 cases (NRAD 2015). Overall care of children with asthma
has been described as inadequate, and involvement of school staff
is recognised as paramount (NRAD 2015). Better care in schools
has the potential to reduce childhood deaths from asthma, im-
prove the quality of life of children with asthma, maximise a child’s
education and minimise time off school. Some schools have re-
cently introduced policies to address dangerous barriers to pro-
tecting children with asthma, such as use of emergency rescue in-
halers when a child with asthma cannot access her own inhaler
(Department ofHealth 2014), but obstacles and difficulties persist
(Reznik 2015). Factors specific to the school environment require
particular attention to keep children with asthma safe in schools,
such as frequent asthma attacks in the autumn term due to the
concentration of aero-allergens, and exercise-induced attacks dur-
ing sports activities (Asthma UK).
It is important to review systematically the evidence that has sought
to address deficits identified in asthma education for school staff
(NRAD 2015), and to assess the attributes of training packages,
so they can be applied effectively (Norcini 2011). The extent to
which we can answer ’how’ training can be designed, ’why’ it is
effective and ’for whom and when’ will depend on descriptive
data within primary studies, but it is important to highlight this
information to help professionals understand and deliver health
education in a reliable and reproducible manner (Gordon 2011;
Gordon 2013).
O B J E C T I V E S
To assess the effectiveness and safety of asthma education pro-
grammes for school staff, and to identify content and attributes
underpinning them.
M E T H O D S
Criteria for considering studies for this review
Types of studies
We included parallel randomised controlled trials (RCTs). We ex-
cluded non-randomised studies because they would restrict our
ability to imply causation of intervention effects, and because they
are more likely to be subject to selection biases and confounders.
We summarised narratively any non-randomised evidence that we
discovered and contrasted our results in the discussion. We in-
cluded studies using individual or cluster-randomisation, but we
excluded cross-over studies because of the likelihood of carryover
effects. We included studies reported as full text, those published
as abstract only and unpublished data.
Types of participants
We included studies in which the intervention was aimed at school
staff of all types, including teachers, classroom assistants, school
nurses and administrative staff. We applied no restrictions with
regard to gender, age or qualifications of staff, and we included
staff from any type of school with pupils up to age 19 (state-run
or private; comprehensive or single-sex; primary, preparatory or
secondary).
Types of interventions
We included studies comparing staff asthma education versus no
intervention or a minimal intervention control. We included in-
terventions aimed at educating school staff about asthma manage-
ment and how to respond during an asthma attack. We excluded
studies of interventions that involved multiple components other
than asthma educationunless the control group also received them.
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Types of outcome measures
Primary outcomes
• Visits to emergency department (ED)/hospital
• Mortality
• Asthma control (measured on a validated scale such as the
Asthma Control Questionnaire (ACQ))
Secondary outcomes
• Other adverse events (e.g. worsening of symptoms, delay in
receiving short-term therapy)
• Adherence to asthma policies (e.g. proportion of children
with an up-to-date PAAP at school, in-date medications at
school)
• Absenteeism related to asthma
• Staff self-efficacy and preparedness
Qualitative synthesis
We recorded and synthesised the following to characterise educa-
tional interventions.
• Educational content (primary material, learning outcomes,
theoretical underpinning).
• Teaching attributes of training programmes used (staff and
resource requirements, length of course, any follow-up service or
session).
Search methods for identification of studies
Electronic searches
We searched for studies in the Cochrane Airways Group Trials
Register, which is maintained by the Information Specialist for
the Group. The Cochrane Airways Trials Register contains studies
identified from several sources.
• Monthly searches of the Cochrane Central Register of
Controlled Trials (CENTRAL), through the Cochrane Register
of Studies Online (crso.cochrane.org).
• Weekly searches of MEDLINE Ovid SP 1946 to date.
• Weekly searches of Embase Ovid SP 1974 to date.
• Monthly searches of PsycINFO Ovid SP.
• Monthly searches of the Cumulative Index to Nursing and
Allied Health Literature (CINAHL) EBSCO.
• Monthly searches of the Allied and Complementary
Medicine Database (AMED) EBSCO.
• Handsearches of the proceedings of major respiratory
conferences.
Studies contained in the Trials Register are identified through
search strategies based on the scope of the Cochrane Airways
Group. We have provided details of these strategies, as well as a
list of handsearched conference proceedings, in Appendix 1. See
Appendix 2 for search terms used to identify studies for this review.
We also conducted searches of the Web of Science, the Pediatric
Academic Societies archive, the Education Resources Informa-
tion Center (ERIC), ClinicalTrials.gov (www.ClinicalTrials.gov)
and the World Health Organization (WHO) trials portal (
www.who.int/ictrp/en/) using appropriately adapted search terms
(Appendix 3). We searched all databases from their inception to
the present, and we imposed no restriction on language of publi-
cation. We conducted the most recent searches on 29 November
2016.
Searching other resources
We checked the reference lists of all primary studies and review
articles for additional references.
On 20 October 2016, we searched for errata or retractions
from included studies published in full text on PubMed (
www.ncbi.nlm.nih.gov/pubmed).
Data collection and analysis
Selection of studies
Two review authors (RC and KK) independently screened titles
and abstracts of all potential studies for inclusion identified as a
result of the search, and coded them as ’retrieve’ (eligible or po-
tentially eligible/unclear) or ’do not retrieve’. We retrieved full-
text study reports/publications; two review authors (KK and RC,
TD or MG) independently screened them to identify studies for
inclusion and identified and recorded reasons for exclusion of in-
eligible studies. We resolved disagreements through discussion or
by consultation with a third review author (RC, TD or MG, de-
pending on who did the initial screen).We identified and excluded
duplicates and collated multiple reports of the same study, so that
each study rather than each report was the unit of interest in the
review. We recorded the selection process in sufficient detail to
complete a PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) flow diagram and a Characteristics
of excluded studies table (Moher 2009).
Data extraction and management
We used a data collection form that had been piloted on at least
one study in the review to document study characteristics and
outcome data. One review author (KK) extracted the following
study characteristics from the included studies.
• Methods: study design, total duration of study, details of
any ’run-in’ period, number of study centres and locations, study
setting, withdrawals and dates of study.
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• Participants: N, mean age, age range, gender, ethnicity,
language, socioeconomic status, severity of condition, diagnostic
criteria, baseline lung function, smoking history, inclusion
criteria and exclusion criteria.
• Interventions: intervention, comparison, concomitant
medications and excluded medications.
• Outcomes: primary and secondary outcomes specified and
collected and time points reported.
• Notes: funding for trial and notable conflicts of interest of
trial authors.
Two review authors (KK and RC, TD or MG) independently
extracted outcome data from included studies. We noted in the
Characteristics of included studies table if outcome data were not
reported in a useableway.We resolved disagreements by consensus.
One review author (KK) transferred data into the ReviewManager
(RevMan 2014) file. We double-checked that data were entered
correctly by comparing data presented in the systematic review
against those provided in study reports. A second review author
(RC) spot-checked study characteristics for accuracy against the
trial report.
Assessment of risk of bias in included studies
Two review authors (KK and RC, TD or MG) independently
assessed risk of bias for each study using the criteria outlined in the
CochraneHandbook for Systematic Reviews of Interventions (Higgins
2011).We resolved disagreements by discussion or by consultation
with other members of the review author team. We assessed risk
of bias according to the following domains.
• Random sequence generation.
• Allocation concealment.
• Blinding of participants and personnel.
• Blinding of outcome assessment.
• Incomplete outcome data.
• Selective outcome reporting.
• Other bias.
We graded each potential source of bias as high, low or unclear and
provided a quote from the study report together with a justification
for our judgement in the ’Risk of bias’ table. We summarised
risk of bias judgements across different studies for each of the
domains listed.We considered blinding separately for different key
outcomes when necessary (e.g. for unblinded outcome assessment,
risk of bias for all-cause mortality may be very different than for a
patient-reported pain scale). When information on risk of bias is
related to unpublished data or correspondence with a trialist, we
noted this in the ’Risk of bias’ table.
When considering treatment effects, we took into account the risk
of bias for studies that contributed to those outcomes.
Assessment of bias in conducting the systematic
review
We conducted the review in accordance with this published pro-
tocol and reported deviations from it in the Differences between
protocol and review section of the systematic review.
Measures of treatment effect
We analysed dichotomous data as odds ratios, and continuous data
as mean differences or standardised mean differences. We entered
data presented as a scale with a consistent direction of effect.
We undertook meta-analyses only when this was meaningful (i.e.
when treatments, participants and the underlying clinical question
were similar enough for pooling to make sense).
We narratively described skewed data reported as medians and
interquartile ranges.
When multiple trial arms were reported in a single trial, we in-
cluded only relevant arms. If two comparisons (e.g. two types of
asthma education interventions vs usual care) were combined in
the same meta-analysis, we halved the control group to avoid dou-
ble-counting.
If both change from baseline and endpoint scores were available
for continuous data, we used change from baseline unless most
studies reported endpoint scores. If a study reported outcomes at
multiple time points, we used the end-of-study measurement.
When both an analysis including only participants who completed
the trial and an analysis that imputed data for participants who
were randomly assigned but did not provide endpoint data (e.g.
last observation carried forward) were available, we used the latter.
Qualitative analysis
We extracted and planned a synthesis of qualitative data about
content and attributes of educational interventions tested in the
included studies to supplement themain quantitative analyses.We
did not include studies that were qualitative reports of training
programmes, with no quantitative assessment. When qualitative
data were provided, we avoided making a priori hypotheses and
conclusions, in keeping with a grounded theory approach. After
collecting data and contacting study authors for additional infor-
mation, we were unable to conduct the planned synthesis. If we
had been able to, two review authors (MG and KK) would have
individually coded data and developed an initial thematic index,
and would have added emerging thematic categories according to
interpretation of data content.We planned that the analysis would
proceed through three stages, consisting of open, axial and selec-
tive coding, with comparison through each phase. We designed
the analysis in this way to provide categories that could be used
to explore themes of the data and to build an interpretation that
could address overarching research questions.
Unit of analysis issues
For dichotomous outcomes, we used participants, rather than
events, as the unit of analysis (i.e. number of children admitted to
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hospital, rather than number of admissions per child). We meta-
analysed data from cluster-RCTs only if available data could be ad-
justed to account for clustering. In the case of Bell 2000, study au-
thors did not report any adjustment for clustering; we adjusted the
data using an estimated intracluster correlation coefficient (ICC)
of 0.05 for the one meta-analysis to which this study contributed.
Dealing with missing data
We contacted investigators or study sponsors to verify key study
characteristics and to obtain missing numerical outcome data
when possible (e.g. when we identified a study as abstract only).
When this was not possible, and we believed that missing data
might introduce serious bias, we explored the impact of this by
assigning the GRADE rating for each outcome.
Assessment of heterogeneity
We assessed educational heterogeneity by comparing the distribu-
tion of important participant characteristics between trials (e.g.
age of pupils concerned, learner groups) and methodological het-
erogeneity through trial characteristics (randomisation, conceal-
ment, blinding of outcome assessment, losses to follow-up, treat-
ment type, co-interventions). We collected and presented these
characteristics in the Characteristics of included studies tables and
summarised similarities and differences between studies in the re-
sults. We assessed statistical heterogeneity by examining the I²
statistic - a quantity that describes the proportion of variation in
point estimates that is due to variability across studies rather than
to sampling error. We interpreted the I² statistic as suggested in
the latest version of Higgins 2011.
• 0% to 40%: might not be important.
• 30% to 60%: may represent moderate heterogeneity.
• 50% to 90%: may represent substantial heterogeneity.
• 75% to 100%: suggests considerable heterogeneity.
We also evaluated the confidence interval (CI) for the I² statistic.
We employed a Chi² test of homogeneity, with a 5% level of sig-
nificance, to determine the strength of evidence that heterogeneity
is genuine.
Review authors judged clinical and methodological heterogeneity
by discussion once data had been extracted.We did this to identify
barriers to effective and appropriate meta-analysis, as well as to
any relevant sensitivity analysis, based on this primary data set.
Assessment of reporting biases
We were not able to pool more than 10 studies, so we could not
create or examine a funnel plot to explore possible small-study and
publication biases.
Data synthesis
We used a random-effects model and performed a sensitivity anal-
ysis by using a fixed-effect model.
’Summary of findings’ table
We created a ’Summary of findings’ table using the primary
and secondary outcomes listed in the protocol. We used the five
GRADE (Grades of Recommendation, Assessment, Development
and Evaluation Working Group) considerations (study limita-
tions, consistency of effect, imprecision, indirectness and publi-
cation bias) to assess the quality of a body of evidence as it re-
lates to studies that contribute data to meta-analyses for prespec-
ified outcomes. We used methods and recommendations as de-
scribed in Section 8.5 and Chapter 12 of the Cochrane Handbook
for Systematic Reviews of Interventions (Higgins 2011) while using
GRADEpro GDT software. We justified all decisions to down-
grade or upgrade the quality of studies by using footnotes, and we
made comments to aid the reader’s understanding of the review
when necessary.
Subgroup analysis and investigation of heterogeneity
We planned the following subgroup analyses for primary out-
comes.
• Primary school (entry age to 11 years) versus secondary
school interventions (11 to 19 years of age).
Children at primary school may have broadly different needs from
adolescents at secondary school with regards to behaviours, social
support and extent of involvement of parents and school staff in
their asthma care. We anticipated that trials conducted in differ-
ent countries would vary in their terminology and in the ages at
which children progress to ’secondary’ education, so we have been
transparent in the way we classified studies.
We recognise that, for various reasons, children who are socially
isolated or who belong to minority groups have higher mortality
and morbidity from asthma (Global Asthma Report 2014), but
assessing the effects of these factors would not have been straight-
forward if we had performed a subgroup analysis. Alternatively,
we presented key characteristics of study populations and inter-
ventions in an additional table to capture potential sources of het-
erogeneity that were not easily assessed in subgroups (e.g. socioe-
conomic status, duration and content of interventions, ethnicity,
first language, asthma severity criteria).
We planned to use the formal test for subgroup interactions pro-
vided in Review Manager (RevMan 2014).
Sensitivity analysis
We planned the following sensitivity analyses to remove the fol-
lowing from the primary analyses.
• Unpublished data.
• Studies at high risk in any selection bias domain.
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R E S U L T S
Description of studies
Results of the search
We identified 240 records by searching the Cochrane Airways
Group Specialised Register (CAGR), and we identified 151 in
additional searches: 39 from Web of Science, seven from ERIC,
six from the Pediatric Academic Societies Archive, 10 from clin-
icaltrials.gov and 89 from the WHO trials portal. Thirteen were
duplicates, and we sifted the remaining 378 unique records. We
excluded 331 after looking through titles and abstracts, and we
obtained full texts for the other 47. We excluded 41 that did not
meet the inclusion criteria, whichwe collated and listed as 34 stud-
ies (see Figure 1 and Excluded studies). We included six records
related to five studies.
Figure 1. Study flow diagram.
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Included studies
We provided additional details for each of the included studies in
the Characteristics of included studies table and an overview of
intervention characteristics in Table 1.
Design
This review includes five RCTs (Bell 2000; Bruzzese 2006; Henry
2004; Kawafha 2015; McCann 2006). The trials involved 111
schools, although one study (Kawafha 2015) did not report the
number of schools included. Four studies used a parallel cluster-
RCT design (Bell 2000; Bruzzese 2006; Henry 2004; McCann
2006), with schools as the unit of allocation for randomisation, and
one used a pre-test/post-test cluster-RCT design, in which teach-
ers were randomised to intervention or control groups (Kawafha
2015). The period of observation ranged from4weeks (Bell 2000)
to 12 months for most outcomes, and one study conducted fol-
low-up at 24 months andmeasured absences at 2.5 years (Bruzzese
2006).
Sample sizes
Three studies included teachers as participants, randomising 1815
(Henry 2004), 113 (Bell 2000) and 80 (Kawafha 2015); investiga-
tors included data from only 776 (38.6%) in the analyses, primar-
ily because only 60% of the randomised teachers in Henry 2004
completed baseline questionnaires. In one study, participants con-
sisted of 591 families with a child for whom asthma had been diag-
nosed (Bruzzese 2006), and another study included 209 children
with asthma as participants (McCann 2006).
Participants and setting
Investigators carried out all studies in schools - two in the UK (Bell
2000; McCann 2006), one in the United States (Bruzzese 2006),
one in Jordan (Kawafha 2015) and one in Australia (Henry 2004).
Four studies included children of primary age (Bell 2000; Bruzzese
2006; Kawafha 2015;McCann 2006), and one study enrolled stu-
dents during year 8 of high school (13 to 14 years of age) (Henry
2004). Three studies did not report socioeconomic status (Bell
2000;Henry 2004;McCann 2006); one of these stated that results
showed no differences in markers of social deprivation between
groups but that baseline information was not available (McCann
2006). In one study, more than 50% of students in eligible schools
were receiving free lunch and more than 67% belonged to ethnic
minorities (Bruzzese 2006). Another study sampled schools from
selected areas that consisted of urban and rural participants of dif-
ferent socioeconomic status (Kawafha 2015). One study provided
no details about the children included (Bell 2000). In three stud-
ies, boys and girls were equally represented (Bruzzese 2006; Henry
2004; McCann 2006), and in another study, only girls partici-
pated (Kawafha 2015).
Three studies defined asthma as a current diagnosis of asthma in
children (Bruzzese 2006; Henry 2004; McCann 2006). Bruzzese
2006 stipulated that children had to have a prior asthma diag-
nosis and had to meet National Heart Lung and Blood Institute
(NHLBI) criteria for persistent symptoms (daytime symptoms at
least three times a week and night-time symptoms three times
a month). Henry 2004 required a doctor’s diagnosis plus use of
asthma medication or an asthma attack in the past 12 months,
and McCann 2006 required use of asthma medication and re-
cent wheeze symptoms. Two studies specifically recruited families
of children with asthma but did not report the proportion with
asthma within the schools (Bruzzese 2006; McCann 2006). Bell
2000 reported the number of children with asthma in each par-
ticipating class (17% included no children with asthma; 60% in-
cluded one to four children with asthma; and 23% included five or
more childrenwith asthma), andHenry 2006 reported that 23.7%
of children in the intervention group and 20.8% of those in the
control group had received a diagnosis of asthma; one study specif-
ically stated that the classes of teachers who participated in the
study included no children with asthma (Kawafha 2015). When
teachers were the participants (Bell 2000; Kawafha 2015), only
one study reported their baseline characteristics; all were female
with a mean age of 36 years in the intervention group and 34 years
in the control group (Kawafha 2015). One study reported that
91.7% of teachers in the intervention group and 62.2% of those
in the control group had received previous training in asthma (Bell
2000).
Interventions
Interventions provided in these studies included educational pro-
grammes or training sessions (Table 1). In three studies, train-
ing sessions generally lasted about 40 to 45 minutes (Bell 2000;
Bruzzese 2006; McCann 2006), and in two studies, the interven-
tion consisted of three in-school sessions (Henry 2004; Kawafha
2015) with a seminar added to one of these (Henry 2004). In
two studies, researchers delivered sessions to teachers (Bell 2000;
Kawafha 2015). One of these was a pharmacist (Bell 2000), and
the other a nurse (Kawafha 2015). Other studies selected a school
nurse and a physician (Bruzzese 2006), teachers who had attended
a one-day in-service seminar (Henry 2004) or a nurse (McCann
2006) to lead sessions.
Training sessions for teachers in all studies provided informa-
tion about the pathophysiology, symptoms and trigger factors for
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asthma, as well asmedications used, actions to be taken in an emer-
gency and the role of teachers in helping children manage asthma
at school. Three studies also included pupil workshops (Bruzzese
2006; Henry 2004; McCann 2006) as part of the Personal Devel-
opment (PD) portion of the curriculum (Henry 2004), or con-
sistent with the Science National Curriculum (McCann 2006).
One study provided training for students’ primary care providers
(Bruzzese 2006). Three studies indicated that they offered the in-
tervention to schools in the control group after the study had con-
cluded (Bell 2000; Bruzzese 2006; Henry 2004).
Outcomes
Two studiesmeasured asthma knowledge at baseline and follow-up
using the Newcastle Asthma Knowledge Questionnaire (NAKQ)
(Bell 2000; Henry 2004). One study used a structured question-
naire that requested demographic data and the Asthma General
Knowledge Questionnaire for Adults (AGKQA) (Kawafha 2015).
Two studies collected follow-up data from students on quality of
life and use of asthma treatments(Henry 2004; McCann 2006),
andone study collected these data fromcaregivers (Bruzzese 2006).
Three studies reported school absences (Bruzzese 2006; Henry
2004; McCann 2006).
Bell 2000 recorded observations for four weeks, Kawafha 2015 for
three months, Henry 2004 for six to eight months and Bruzzese
2006 and McCann 2006 for one year. Bruzzese 2006 followed
up via telephone for some outcomes at two years and measured
absences up to 2.5 years.
Funding sources
Three studies received funding from a variety of sources (Bruzzese
2006; Henry 2004; McCann 2006). One study received no fi-
nancial support (Kawafha 2015), and one study did not report
funding (Bell 2000).
Excluded studies
We listed 32 studies as excluded after consulting the full texts to
determine their eligibility. Themost common reason for exclusion
was that the intervention was aimed solely or primarily at stu-
dents or parents rather than at school staff (18 studies; Al-Sheyab
2015; Bruzzese 2011; Bruzzese 2011a; Bruzzese 2014; Bush 2014;
Cicutto 2003; Cicutto 2013; Clark 2004; Gallefoss 1997; Gerald
2006; Horspool 2013; Kintner 2009; Kintner 2015; McGhan
2000; Monforte 2012; NCT00304304; NCT01607749; Perry
2015). We excluded 11 studies because they did not use a ran-
domised controlled trial design (Abdel Gawwad 2007;Clark2013;
Gibson-Young 2014; Hazell 1995; Henry 2006; Korta Murua
2012; Murray 2007; NCT00005736; Olympia 2005; Soo 2013;
Wong 2004). Some of these were otherwise directly relevant to this
review, and we have summarised them in the discussion (Abdel
Gawwad 2007;Hazell 1995; KortaMurua 2012; NCT00005736;
Olympia 2005; Snow 2004; Wong 2004). Four studies tested dif-
ferent types of interventions in schools:Halterman 2012 andTapp
2011 assessed web-based asthma management systems that con-
nected schools and healthcare providers, Francis 2000 assessed
whether asthma reviews could be provided at school instead of at
the office of the child’s general practitioner (GP) and Splett 2006
tested an intervention aimed at schools and clinics to improve
overall adoption of guideline-based care.
Risk of bias in included studies
Figure 2 presents a summary of risk of bias judgements.
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Figure 2. Risk of bias summary: review authors’ judgements about each risk of bias item for each included
study.
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Allocation
We determined that none of the studies was at low risk of bias
for either of the selection bias domains. We judged all studies as
having unclear risk for random sequence generation because study
authors did not describe methods. Most of the information pro-
vided concerned selection of eligible schools that were approached
to take part and how investigators attempted to balance charac-
teristics across groups, rather than how the random code was gen-
erated. We considered all studies to be at high risk of bias owing
to issues with allocation concealment, primarily the way in which
study investigators matched and assigned participants or schools
to balance characteristics across groups. This was particularly the
case in cluster trials, which paired schools before randomisation
to balance factors such as types and locations of schools and so-
cioeconomic variables. Although legitimate, this matching would
have prevented full concealment of allocation and may have led
to selection biases, especially when clusters were few.
Blinding
Owing to the nature of the interventions delivered in these studies,
blinding was not possible for those delivering or receiving the
intervention, and this may have, intentionally or unintentionally,
affected how participants and study staff in each group behaved.
This performance bias is evident in the treatment that each group
received and in theways participants behaved simply by knowledge
of their allocation, and it may have affected outcomes in different
ways. Only one study described methods used to blind outcome
assessors (Bruzzese 2006), but some outcomeswill not be biased by
lack of outcome assessor blinding. For this reason, we considered
the possible effects of performance and detection biases separately
for each outcome when we applied GRADE criteria.
Incomplete outcome data
We considered one study to be at low risk of bias (Kawafha 2015);
although dropout was higher in the intervention group (10%)
than in the control group (5%), investigators reported fewmissing
data over the course of the three-month study.
We considered four studies to be at high risk of attrition bias (Bell
2000; Bruzzese 2006; Henry 2004; McCann 2006). Bell 2000
tested a four-week intervention but reported 32% missing data
in the intervention group and 25% in the control group because
teachers did not fill out the questionnaires. Bruzzese 2006, Henry
2004 and McCann 2006 were longer studies (with time points
ranging from six months to two years) that described a large quan-
tity of missing data by the time of final data collection. In Bruzzese
2006, the level of retention was similar between groups and re-
searchers performed intent-to-treat analyses, but the quantity of
missing data (and hence of data that had to be imputed) was high,
especially by the two-year endpoint (around 38% for caregivers
and children). Henry 2004 could analysed only data from students
or teachers that could be paired from both time points, meaning
that 82.7% of students and 43.9% of teachers contributed to the
data analysis. Furthermore, analysis included far more teachers
from the control group (54%) than from the intervention group
(37.8%).
In McCann 2006, although the number of children dropping out
was fairly low and balanced (12.3% and 11.5% for intervention
and control groups, respectively), a substantial quantity of datawas
missing for some outcomes, particularly staff asthma knowledge.
Therefore, risk of attrition bias for this study is dependent on
outcomes.
Selective reporting
We did not identify trial registrations for any of the included
studies, so itwas difficult to assess the extent towhich study authors
reported their planned outcomes. For this reason, we rated four
studies as having unclear risk of reporting bias (Bell 2000; Bruzzese
2006; Henry 2004; Kawafha 2015). We judged McCann 2006 to
be at high risk of reporting bias because investigators reported data
for several outcomes of interest to the review in a way that did not
allow their inclusion in a meta-analysis. The publication focused
on associations with treatment modifiers (e.g. sex, pet ownership,
social deprivation) rather than on overall treatment effects versus
the control group, and study authors reported some outcomes
simply as “no effect” (e.g. absence).
Effects of interventions
See: Summary of findings for the main comparison
Primary outcomes
Visits to emergency department (ED)/hospital
Bruzzese 2006 reported mean numbers of ED visits, urgent visits
and hospital visits per participant in the previous 12 months, both
at one year and at two years post intervention. We did not analyse
the data because an obvious skew makes the results difficult to
interpret. We presented the data as reported in the paper (Analysis
1.1) anddidnot attempt to applyGRADEcriteria to this outcome.
Mortality
We found no reports of any deaths that occurred during the course
of these studies.
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Asthma control
No studies reported validated measures of asthma control such as
the AsthmaControl Test (ACT) or the AsthmaControl Question-
naire (ACQ). Two studies reported validated measures of asthma-
related quality of life, which we have presented as a post hoc proxy
for asthma symptom control. When we pooled 12-month care-
giver data from Bruzzese 2006 with student-reported measure-
ments fromHenry 2004, we found no differences between groups
(mean difference (MD) 0.14, 95% confidence interval (CI) -0.03
to 0.31; 1005 participants; two studies; I² = 0%; low-quality ev-
idence); both confidence limits were well below the 0.5 minimal
clinically important difference (MCID) for the scale. A sensitivity
analysis based on a fixed-effect model did not change these re-
sults. Follow-up data at 24 months in Bruzzese 2006 were in the
opposite direction but confidence limits again fell almost entirely
within the 0.5-point MCID (also shown in Analysis 1.2). Bruzzese
2006 presented data as final scores with evidence of imbalance
at baseline, so we calculated the change from baseline and used
variance for final scores. This may have resulted in underestimated
precision, but this is not an issue because effect estimates were
neither statistically nor clinically significant.
Bruzzese 2006 also reported non-validated counts of symptom
days, night-time awakenings and restricted activities of daily living
(ADLs), all for the past two weeks and the past six months, at
12 and 24 months. We did not analyse the data, as they were
skewed; some mean scores were better in the active group, but
most differences between groups were small and did not persist to
24 months. We did not attempt to apply GRADE criteria to this
outcome.
Secondary outcomes
Other adverse events
No studies reported adverse events (e.g. worsening of symptoms,
delay in receiving short-term therapy) that occurred during the
course of the interventions. The only study that reported adverse
events related to asthma was Bruzzese 2006; we have summarised
these data in the section ’Visits to ED/hospital’ under Effects of
interventions.
Adherence to asthma policies
Two studies reported the number of schools that had asthma
policies before and after the intervention (Henry 2004; McCann
2006), and one study reported the number of schools that im-
proved measures taken to prevent exercise-induced asthma attacks
and the number of principals reporting that most or all of their
staff knew how to administer salbutamol via a spacer. We have
presented these data side by side in Analysis 1.3.
More schools that had received staff asthma training had written
asthma policies compared with control schools (odds ratio (OR)
4.45, 95%CI 1.38 to 14.30). However,more intervention schools
had policies at baseline, both in McCann 2006 (5/12 interven-
tion; 3/12 control) and in Henry 2004 (3/17 intervention; 2/16
control).
Henry 2004 found that more intervention schools showed im-
provement in measures taken to prevent or manage exercise-in-
duced asthma attacks (OR 9.33, 95% CI 1.65 to 52.68) and more
of these schools reported that staff felt able to administer salbuta-
mol via a spacer (OR 20.22, 95% CI 3.45 to 118.65).
Overall, we assessed the evidence for this outcome to be of low
quality because we had concerns about risk of bias in the included
studies and about imprecision.
A sensitivity analysis based on a fixed-effect model did not change
the results.
Absenteeism related to asthma
Two studies measured absenteeism (Bruzzese 2006; McCann
2006). Data from Bruzzese 2006 were skewed, so we did not
analyse them as a mean difference. Instead, we have presented in
Analysis 1.4 the data reported by Bruzzese 2006 at one and two
years for the mean number of absences per child over the past two
weeks.
McCann 2006 reported that “no effect of the intervention was
found” after adjusting for social deprivation, and that “absences
were considerably lower than...anticipated in relation to the power
calculations on which the recruitment numbers were based”.
We did not attempt to apply GRADE criteria to this outcome.
Staff self-efficacy and preparedness
Three studies used staff knowledge scales that could be combined
in an analysis (Bell 2000;Henry 2004;Kawafha 2015).Knowledge
was higher in groups that had received asthma education, although
it is difficult to interpret the meaningfulness of this difference
(standardised mean difference (SMD) 0.74, 95% CI 0.33 to 1.16;
640 participants; three studies; I² = 73%). Statistical heterogeneity
in the analysis might be explained by differences in the scales used
or variation in the time points at which measurements were taken
(four weeks to eight months). A sensitivity analysis based on a
fixed-effect model yielded a more precise estimate but did not
change the conclusions.
Studies reported various other measures that reflected staff pre-
paredness. Bell 2000 provided mainly categorical data on ques-
tions within the knowledge questionnaire regarding how many
staff recognised wheeze or cough as a symptom after the four-
week intervention, the number of trigger factors that were cor-
rectly identified, the number of ways used to prevent exercise-in-
duced asthma that were correctly identified and the number of
preventive medicines that were correctly identified. The data, al-
though difficult to interpret, generally point to somewhat better
responses in the intervention group, which would be expected.
Henry 2004 reported the number of schools seeking additional
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input about asthma, which may reflect greater appreciation of the
seriousness of asthma after the intervention; 11 of 17 intervention
schools sought additional information about asthma during the
observation period, compared with 3 of 16 control schools. This
study also reported staff attitudes (split into ’internal control’,
’powerful others’ and ’chance’), which we did not deem relevant
for inclusion in this review.
McCann 2006 narratively reported staff asthma knowledge. In-
vestigators noted that some measures of asthma knowledge were
low at baseline (e.g. only 16.8% and 17.7% noted exercise and
colds as asthma triggers, respectively) but that most staff correctly
identified differences between reliever and preventer medications.
Around half of the teachers were concerned about having children
with asthma in their class, and 40% reported that they were not
confident about dealing with an asthma attack. It is important to
note that intervention schools did not reveal a significant change
in these measures.
Qualitative synthesis
We recorded information regarding educational content and
teaching attributes of the interventions. Information in published
reports was not sufficient to allow a meaningful synthesis of the
content that led to a successful intervention, nor of the resources
required to replicate it accurately. We have provided a summary
of details for each study in the Characteristics of included studies
table and in the descriptions of studies above.
D I S C U S S I O N
Summary of main results
This review includes five cluster-randomised controlled trials
(RCTs) (Bell 2000; Bruzzese 2006; Henry 2004; Kawafha 2015;
McCann 2006), which included a total of 111 schools in the UK,
the United States, Australia and Jordan. Investigators measured
outcomes among participating staff and often in children or par-
ents, most often at between 1 month and 12 months.
Researchers carried out all studies in schools. Interventions pro-
vided were educational programmes or training sessions, but the
duration, content andmethod of delivery varied. Some studies also
involved workshops for pupils or training sessions for primary care
providers. Owing to the necessary design of these trials, risks of
selection, performance, detection and attrition bias were present
to a differing extent across studies and outcomes.
Quanitative and qualitative analyses were limited. Only one study
reported visits to emergency department (ED) or hospital, and
these data were too skewed for analysis. No studies reported any
deaths or adverse events. Studies did not report asthma control
consistently but data from the paediatric asthma quality of life
questionnaire revealed no differences between groups (mean dif-
ference (MD) 0.14, 95% confidence interval (CI) -0.03 to 0.31;
1005 participants; quality downgraded to low for risk of bias and
indirectness). All data on symptom days, night-time awakenings,
restricted activities of daily living and school absences were skewed
or could not be analysed; some mean scores were better in the
trained group, but most differences between groups were small
and did not persist to 24 months.
Schools that received asthma education were more adherent to
asthma policies, and staff at these schools were better prepared;
more schools that had received staff asthma training had written
asthma policies compared with control schools, more interven-
tion schools showed improvement in measures taken to prevent
or manage exercise-induced asthma attacks and more staff at in-
tervention schools felt that they were able to administer salbuta-
mol via a spacer. However, the quality of the evidence was low;
data showed some imbalance at baseline, and confidence in the
evidence was limited by risk of bias and imprecision. Staff knowl-
edge was higher in groups that had received asthma education,
although results were inconsistent and were difficult to interpret
owing to differences between scales (low quality).
Information about the interventions was insufficient to allow a
meaningful qualitative synthesis of content that led to a successful
intervention or of resources required to replicate findings accu-
rately.
Overall completeness and applicability of
evidence
Thefive included studies enrolledmore than100 schools, although
data for no more than 1005 students with asthma, 640 teach-
ers or 57 schools contributed to any single analysis. This reduced
the applicability of study findings, limited the precision of results
and prevented investigation into moderating factors of interven-
tions and participants. We could not conduct subgroup analysis as
planned to test whether effects of educating school staff differed
between primary and secondary schools (none of the studies in-
cluded children older than 13 years of age), nor could we test the
robustness of results by limiting analyses to published data or to
studies at low risk of selection bias.
This review could not identify the content and attributes under-
pinning successful interventions, which means that review find-
ings are difficult to apply in real-world settings. We set out to find
evidence about interventions aimed at educating staff on how to
respond during an asthma attack and how to manage children’s
asthma effectively at school, but interventions often included ad-
ditional materials and elements aimed at other groups (e.g. pupil
workshops, training sessions for healthcare providers), making it
difficult to isolate the effects of interventions, and the small num-
ber of included studies prevented meaningful assessment of dif-
ferent aspects of the interventions provided. Required resources
varied from a short single session (Bell 2000) to repeated longer
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sessions (Henry 2004; Kawafha 2015), and we could not discern
whether more intensive interventions led to larger or more sus-
tained effects.
Although we could not assess formally whether asthma education
provided for school staff ismore or less important for children from
minority backgrounds or for those from lower-income families,
we noted a good demographic spread within and between studies.
No studies took place in lower-income or lower-middle-income
countries, one was conducted in an upper-middle-income coun-
try (Jordan) and four were completed in high-income countries
(Australia, the UK and the United States). One study specifically
focused on a population of lower socioeconomic status (Bruzzese
2006).
We designed this review to focus on important clinical effects of
staff asthma education on children’s health, but identified studies
often were not designed or powered to measure or detect benefit
for rare events such as mortality or hospital visits. The resources
required to conduct studies of complex interventions in commu-
nity settings are significant, and this may explain why follow-up
was limited for most of the included studies. Outcomes measured
in the included studies that were not captured in this review may
provide important insights on matters such as sustainability of the
intervention (Henry 2004) or benefit for case detection (Bruzzese
2006). These important considerations may be more suitably as-
sessed by a review of non-randomised literature designed to sup-
plement randomised evidence of effectiveness. We chose to limit
this review to randomised evidence so that we could make more
solid inferences about cause and effect, but in practice, we found
this difficult to do owing to biases that were difficult to control.
The larger non-randomised evidence base, which has been re-
viewed previously and is summarised below, serves to bolster our
findings, but the lack of evidence on how (and whether) staff ap-
ply the knowledge gained from such programmes is discouraging
(Jaramillo 2015; Murray 2007; Soo 2013).
Quality of the evidence
We were not able to apply GRADE criteria to all outcomes as
planned because we could not pool data for some analyses. When
pooling was possible, we had low confidence in the evidence. Pri-
marily, our confidence in study findings was limited by inherent
biases related to trial design. Cluster, open-label trials are most ap-
propriate for assessing this type of intervention but often cannot
control for biases related to participants’ knowledge of allocation,
difficulties in concealing allocation while trying to balance moder-
ating factors and incomplete data from participating children and
teachers. These characteristics mean that although trials are being
conducted in a real-world context, presenting strong conclusions
about their findings is difficult, especially across trials with varia-
tions in design and implementation.
Heterogeneity, methodological and statistical, also reduced our
confidence in some findings. Methodological heterogeneity was
sometimes introduced because trials used different measures or
time points for the same outcome, but multiple unidentifiable
sources of heterogeneitywithin this sort of reviewmay be due to the
complexity of interventions and contexts. For this reason, although
we were able to pool results for some meta-analyses, we limited
this approach in favour of more nuanced narrative syntheses. We
found that results were sometimes limited by imprecision of the
estimates related to the fact that only scant data could be pooled.
Potential biases in the review process
We carried out the review according to the published protocol
(Kew 2016) and detailed any deviations from it under Differences
between protocol and review. Insufficient data prevented us from
carrying out qualitative analysis of intervention characteristics and
limited the conclusions that could be drawn from quantitative
analyses. We attempted to contact study authors to request ad-
ditional outcome data and intervention characteristics but were
able to contact only the authors of Bell 2000 and Bruzzese 2006.
We could not obtain data from authors of the Henry 2004 study,
as the primary investigator has since retired; we failed to make
contact with the authors of Kawafha 2015 and McCann 2006.
Any data forthcoming after publication of this review will be filed
appropriately for future updates of this review.
Agreements and disagreements with other
studies or reviews
A recent systematic review (Soo 2013) collated randomised and
non-randomised evidence (two and eight studies, respectively) on
staff asthma education provided to improve pharmacological man-
agement of acute asthma in schools; both of the randomised trials
considered in this previous review are included in the present re-
view (Bell 2000; McCann 2006). Soo 2013 focused on younger
children and excluded studies that included only high-school-aged
children and adolescents. Results presented by Soo 2013 are very
much in agreement with our finding that education effectively in-
creases asthma knowledge among school staff, but evidence is lim-
ited regarding how such knowledge can be applied in practice. In-
clusion in the former review of non-randomised evidence, which
we also collated for review but not for inclusion, further supports
this finding.
Jaramillo 2015 collated nine primary studies that assessed teacher
knowledge and adherence to asthma policies in US schools and
found high reliance on school nurses and gaps in knowledge about
how to guide asthmamanagement. The latter theme runs through
the literature in various countries (Abdel Gawwad 2007; Olympia
2005) and is supported by baseline characteristics and observa-
tions reported by our included studies. Unfortunately, interven-
tions assessed thus far in randomised trials do not show that edu-
cation addresses this problem effectively.
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Non-randomised studies have reported varying success of differ-
ent types of asthma education programmes for school staff, rang-
ing from information pamphlets or presentations (Abdel Gawwad
2007; Snow 2004) to more complex educational interventions
(KortaMurua 2012) and partnerships between schools and health-
care providers (NCT00005736; Olympia 2005). Findings focus
on misgivings of current asthma knowledge in the schools or on
ways to improve staff knowledge but do not show a measurable
effect on important outcomes for children. The non-randomised
evidence is based on a similar range of interventions, and most
findings are consistent with those based on randomised evidence.
A U T H O R S ’ C O N C L U S I O N S
Implications for practice
Asthma education for school staff increases asthma knowledge
and preparedness, but studies are varied and all evidence is of low
quality. Studies have not yet captured whether this improvement
in knowledge has appreciable benefit over a short or longer term
for the safety and health of children with asthma in school. Ran-
domised evidence does not contribute to our understanding of
what content or attributes of interventions lead to best outcomes,
nor what resources are required for successful implementation.
Implications for research
Studies are needed to address the evidence gap in this field. Fu-
ture studies should recognise the unique context of educational re-
search if they are to identify not only whether an intervention is ef-
fective, but what key content is associated with effectiveness. Pub-
lications of educational research should include a full description
of intervention content and resources required to allow feasibility
assessments and replication. This applies to both randomised and
non-randomised studies, although the latter may be better placed
to observe important clinical outcomes such as exacerbations and
mortality over the longer term.
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C H A R A C T E R I S T I C S O F S T U D I E S
Characteristics of included studies [ordered by study ID]
Bell 2000
Methods Study design: parallel cluster-RCT
Length of observation: 4 weeks
Setting: 10 primary schools (5 matched pairs) in Northern Ireland, UK (English lan-
guage)
Participants Population: 5 schools were randomised to receive the intervention (53 teachers; 36 had
data at baseline and at follow-up) and 5 to serve as the control group (60 teachers; 45
had data at baseline and at follow-up)
Age group: primary school
Socioeconomic status: not reported
Baseline characteristics
No details about children. Study reports number of years teaching, age of class taught,
number of children with asthma in class, previous training in asthma, personal or family/
friends’ diagnosis of asthma. A large proportion of the intervention group (91.7%) said
they had received previous training in asthma (62.2% in control group)
Inclusion criteria: teachers at randomly selected primary schools inNorthern Ireland. 91
primary schools from a single EducationBoard were placed inmatched pairs according to
numbers of teachers, pupil numbers and locations (postal code). Schools were randomly
assigned to control or intervention. 16 pairs of schools then were randomly selected and
were asked to participate. 5 pairs (10 schools) agreed to participate
Exclusion criteria: any school that hadpreviously been asked to complete a questionnaire
on asthma knowledge
Interventions Intervention
Summary of content: “The training session provided information about the pathophys-
iology of asthma, symptoms and trigger factors of asthma, differences between reliever
and preventer medication used in the treatment of the condition, inhaler devices, and
action to be taken in an emergency”
Number/duration of sessions: 1 session lasting approximately 30 to 40 minutes
Delivered by/to: by a “project facilitator” (pharmacist) to all teaching staff
Follow-up: 4 weeks
Control
Teachers completed baseline and follow-up questionnaires at 4 weeks. No training was
given until after evaluation had taken place
Outcomes Mean score on Newcastle Asthma Knowledge Questionnaire (NAKQ) at baseline visit
and 4 weeks later
Notes Trial registration: not reported
Funding: not described
Note: The study also reports results of the NAKQ sent to 73 out of 150 primary schools
randomly selected in Northern Ireland. The intervention study is relevant to this review
Risk of bias Risk of bias
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Bell 2000 (Continued)
Bias Authors’ judgement Support for judgement
Random sequence generation (selection
bias)
Unclear risk The primary schools were all from one Ed-
ucation andLibraryBoard. All schoolswere
placed inmatchedpairs excluding those that
had participated in the questionnaire por-
tion of the study. After matching, schools
were randomly put in control or interven-
tion groups but details are not provided.
Sixteenpairs of schoolswere then randomly
telephoned to ask if they would participate;
5 pairs agreed
Allocation concealment (selection bias) High risk The method and order in which allocation
and selection took place would not have
controlled adequately for biased allocation
to groups
Blinding of participants and personnel
(performance bias)
All outcomes
High risk Blinding was not possible for those deliver-
ing or receiving the intervention; this may
have, intentionally or unintentionally, af-
fected how participants and study staff in
each group behaved. The risk is not neces-
sarily high for all outcomes, so we consid-
ered the possible effect of performance bias
separately for each outcome when applying
GRADE
Blinding of outcome assessment (detection
bias)
All outcomes
High risk Themain outcomemeasurewas knowledge
self-
reported on the Newcastle Asthma Knowl-
edgeQuestionnaire (NAKQ), whichmight
have been biased by teachers’ knowledge of
the group to which they belonged
Incomplete outcome data (attrition bias)
All outcomes
High risk 17/53 (32%) teachers in the intervention
group and 15/60 (25%) teachers in the
control group did not fill out the 4-week
questionnaire
Selective reporting (reporting bias) Unclear risk The NAKQ is reported fully, but the paper
states that the attitudes questionnaire is not
reported, and that no associated trial proto-
col or registration is available against which
to check for other measured outcomes
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Bruzzese 2006
Methods Study design: parallel cluster-RCT
Length of observation: most outcomes at 12 months; telephone interviews at 24 months;
absences at 2.5 years
Setting: 44 schools in New York (English language)
Participants Population: Schools were randomised. 307 families were included in the intervention
group and 284 in the control group. Dropout was 20.5% and 19.7% in intervention
and control groups at 12 months and was 36.5% and 39.1% at 24 months
Age group: kindergarten to grade 5, i.e. primary-aged children up to age 11
Socioeconomic status: lower socioeconomic status population: “more than 50% of
students receiving free lunch and more than 67% being ethnic minorities”…“chosen to
ensure reaching low-income ethnic minority families, the target of our intervention”
Baseline characteristics
Intervention: mean age 7.8 years (SD 1.5); % male 57.8; 47.4%Hispanic; 37.5% black;
20.7% white; 41.8% other, including biracial; 3.3 symptom days/wk; 2.5 night awak-
enings/2 wk
Control: mean age 7.8 years (SD 1.4); % male 59.4; 48.2% Hispanic; 34.2% black; 20.
6%white; 45.2% other, including biracial; 3.6 symptom days/wk; 3.2 night awakenings/
2 wk
Inclusion criteria:
Eligible schools had “more than 50% of students receiving free lunch and more than
67% being ethnic minorities”…“chosen to ensure reaching low-income ethnic minority
families, the target of our intervention”. Eligible families were “those with a child diag-
nosed with asthma and symptoms of persistent asthma” according to NHLBI criteria.
Children with prior persistent asthma diagnosis with 3 or more days of symptoms per
week or night-time awakening 3 or more times a month
Exclusion criteria: not reported
Interventions Intervention
Summary of content: 3-day workshop for school health team to train teachers in a 45-
minute session. Additional training for primary care providers (PCPs), and preventive
care activitieswith caregivers fromnurses andphysicians. The sessiondelivered to teachers
by the school health team covered asthma and their role in helping children manage
asthma in school. Training by university staff and study physicians given to students’
PCPs covered preventive therapy, communication, patient education and procedures for
establishing medication plans in schools using the Physician Asthma Care Education
(PACE) programme. Preventive care activities were given by nurses and physicians to
caregivers of children with asthma, including assessing child asthma severity and needs,
providing asthma education as needed, presenting sample treatment plans to PCPs,
encouraging caregivers/PCPs to complete school medication forms when required and
referring families for medical care when needed. Nurses also conveyed instructions from
management plans to teachers
School health team implemented preventive care with investigator support for 2 years
via monthly visits from the nurse educator. An additional year of support was provided
if needed to sustain the intervention
Number/duration of sessions: single 3-day workshop for school health team and one 45-
minute session for teachers plus ongoing monthly support from school health team
Delivered by/to: by school health team (full-time school nurse, school physician (2 days
a month), public health assistant (2 to 3 days a week), schoolteacher or administrator
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Bruzzese 2006 (Continued)
and a parent) who were themselves trained by Columbia University staff. Delivered to
teachers, primary care providers and students
Follow-up: 2 to 3 years
Control
Received intervention only after evaluation
Outcomes By interview at 12 and 24 months: caregiver reports of frequency of daytime symptoms,
night-time awakening and days with activity limitation in the past 2 weeks and the past
6 months; urgent use of healthcare services and medication over the past year; caregiver
PAQLQ
School absences from records for baseline to 2.5 years post intervention
Nurse logs of time spent on asthma-related tasks
Notes Trial registration: not reported
Funding: grant fromNational Heart Lung and Blood Institute (HL56348); W.T. Grant
Foundation; Frances L & Edwin L Cummings Memorial Fund; New York Community
Trust; UnitedHospital Fund;NewYorkCityDepartment ofHealth andMentalHygiene
Note: Open Airways for Schools (OAS) was delivered to NYC schools during this study,
including those in the control group. “Approximately half of our sample met the age
criteria to receive OAS. Participation levels in the intervention and control groups were
comparable”
Risk of bias Risk of bias
Bias Authors’ judgement Support for judgement
Random sequence generation (selection
bias)
Unclear risk Method of sequence generation not de-
scribed
Allocation concealment (selection bias) High risk “schools were paired by size and borough to
control for potential borough differences.
Schools were randomly assigned in each
pair either to “intervention” or to “control”
status; control schools received the inter-
vention after the evaluation”. This method
of pairing may have introduced an alloca-
tion bias
Blinding of participants and personnel
(performance bias)
All outcomes
High risk Blinding was not possible for those deliv-
ering or receiving the intervention, which
may have, intentionally or unintentionally,
affected how participants and study staff in
each group behaved. The risk is not neces-
sarily high for all outcomes, so we consid-
ered the possible effect of performance bias
separately for each outcome when applying
GRADE
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Blinding of outcome assessment (detection
bias)
All outcomes
Low risk “NERI, an independent research company
blind to treatment status, conducted care-
giver telephone interviews at baseline and
at 12- and 24-months post-baseline”
Incomplete outcome data (attrition bias)
All outcomes
High risk 591 children were in the study at baseline
- 307 in the intervention arm and 284 in
the control arm. The intervention arm pro-
vided data for 244 (79.5%) and 195 (63.
5%) children at 12 and 24 months, re-
spectively. The control group provided data
for 228 (80.3%) and 173 (60.9%) chil-
dren, respectively. Report states “We fol-
lowed the intent-to-treat principle”. The
level of retention over the 2 years was sim-
ilar across groups and intent-to-treat anal-
yses were performed, but the quantity of
missing data (and hence the quantity that
had to be imputed) was high, especially by
2 years (38%missing for caregivers;around
the same for children)
Selective reporting (reporting bias) Unclear risk Named outcomes appear to be well re-
ported at the time points described but no
trial registration is available to check
Henry 2004
Methods Study design: parallel cluster-RCT
Length of observation: 6 to 8 months
Setting: 33 high schools in Newcastle, New South Wales, Australia (English language:
predominantly Caucasian population with very few children from non-English-speaking
backgrounds)
Participants Population: 16 schools (688 teachers) were randomised to the intervention and 17
schools to the control (416 teachers)
Age group: high school, year 8. Aged 12 to 13
Socioeconomic status: not reported
Baseline characteristics
Intervention: % male 52.4; 23.7% met the definition for asthma
Control: % male 52.9; 20.8% met the definition for asthma
Age not reported, but all in year 8, so between 12 and 13 years of age; 42% of the asthma
population across both groups had ever taken ICS and 22% were current smokers
Inclusion criteria: state schools run by the Department of School Education, schools
run by the Catholic Education Office and independent private schools. Targeted at year
8 students, i.e. those in their second year of high school education. Asthma was defined
with the quality of life questionnaire
Exclusion criteria: not reported
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Interventions Intervention
Summary of content: Three-session Living With Asthma Package about asthma deliv-
ered to a school representative, who was then provided with the Living With Asthma
teaching kit. Three-session package designed to be taught within the Personal Devel-
opment/Health/Physical Education (PD/H/PE) strand of the school curriculum. Full
details of the package, developed as a joint exercise between school teachers and health
professionals, are published here. Each intervention school was invited to send a repre-
sentative to a 1-day in-service seminar. This covered health and educational principles
of asthma education among adolescents, highlighting important features about asthma
and its management and indicating the way in which the package was consistent with
the educational principles espoused in the PD/H/PE curriculum
Number/duration of sessions: 1 seminar followed by 3 in-school teacher-led sessions
Delivered by/to: by “those who had been involved in the development of the package”,
to a school representative at the seminar (then subsequently to teachers and students)
Follow-up: questionnaires were undertaken between 6 and 8 months after baseline data
were collected. Five years later, in 1999, a questionnaire was sent to head teachers to
ascertain whether the Living With Asthma programme was still being taught
Control
All schools were instructed that a community asthma educator could be contacted for
assistance with staff training in management and policy development in the school
setting. Control schools were offered the package and teacher training after the study
Outcomes Follow-up data were collected from students and teachers from August to October 1993
by questionnaire. In addition, we recorded requests for assistance from teachers
Baseline and follow-up questionnaires measured asthma knowledge (Newcastle Asthma
Knowledge Questionnaire, slightly modified for adolescents, score 0 to 31), attitudes,
symptoms (based on internal locus of control model, 6-point Likert scales for which
higher scores represented stronger attitudes). Students with asthma additionally filled out
a quality of life questionnaire (based on the Juniper AQLQ) and an 18-itemquestionnaire
concerning their personal history of asthma symptoms, use of asthma treatments and
school absenteeism due to asthma. School requests for assistance were documented
Notes Trial registration: not reported
Funding: National Health and Medical Research Council, Australia; Hunter Commu-
nity Asthma Project
Note: some outcomes reported for all participants rather than just for those who had
asthma
Risk of bias Risk of bias
Bias Authors’ judgement Support for judgement
Random sequence generation (selection
bias)
Unclear risk ”Schools were randomized to control or
intervention, with an attempt to obtain
similar demographic mixes in the two
groups…“
No details about the how the sequence was
generated
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Allocation concealment (selection bias) High risk “with an attempt to obtain similar demo-
graphic mixes in the two groups” suggests
that allocation may not have been con-
cealed in an attempt to keep the groups bal-
anced for some confounding factors
Blinding of participants and personnel
(performance bias)
All outcomes
High risk Blinding was not possible for those deliv-
ering or receiving the intervention, which
may have, intentionally or unintentionally,
affected how participants and study staff in
each group behaved. The risk is not neces-
sarily high for all outcomes, so we consid-
ered the possible effect of performance bias
separately for each outcome when applying
GRADE
Blinding of outcome assessment (detection
bias)
All outcomes
High risk Outcomes were collected via question-
naires filled in by teachers and students,
and so could not be controlled for detec-
tion bias
Incomplete outcome data (attrition bias)
All outcomes
High risk ”Complete questionnaires were returned
by 4,161/4,475 (93%) of the year 8 stu-
dents at baseline and by 3,837 at follow-up.
However, only 3,443 of the students (1,787
intervention; 1,656 control) were matched
with their first survey. Thus 76.7% of all el-
igible students and 82.7% of students who
were recruited into the initial phase con-
tributed to the data analysis, with similar
response rates in intervention and control
adolescents”
A lot of missing data for teachers: “Of the
1,815 teachers (688 intervention and 416
control), 1,104 (60.8%) completed asthma
knowledge and attitudes questionnaires at
baseline and 621 at follow-up (310 inter-
vention and 311 control). The consent pro-
cess meant that many teachers completed
the forms anonymously, and paired data
were available for only 260 teachers from
intervention schools and 225 from control
schools”
Selective reporting (reporting bias) Unclear risk All named outcomes appear to be reported
well, but no trial registration was cited
against which we could check
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Kawafha 2015
Methods Study design: pre-test/post-test cluster-RCT
Length of observation: 3 months
Setting: A cluster random sample was obtained from the entire public primary schools
in the north of Jordan (Arabic language)
Participants Population: 40 teachers were randomised to the intervention group and 40 to the control
group
Age group: 6 to 12, i.e. primary
Socioeconomic status: The areas were selected (Irbid, Jarash and Ajlon regions) for
high population density and because they consisted of urban and rural populations with
different socio-economic status
Baseline characteristics
Intervention: mean age of teachers 36 (SE 0.89); all female
Control: mean age of teachers 34 (SE 0.88); all female
Paper specifically states that no children with asthma were included in the classes of
teachers who participated in the study
Inclusion criteria: teachers at public primary schools over 18 years of age who agreed
to participate in the study. Schoolchildren were females from 6 to 12 years of age
Exclusion criteria: teachers with asthma, teachers who attended an educational pro-
gramme about asthma in the past and all non-Jordonian nationality teachers
Interventions Intervention
Summary of content: Education covered general information about asthma, etiology,
pathophysiology, severity, signs and symptoms, asthma attacks, triggers, management
of asthma (including how to use inhalers and treat symptoms) and asthma and sport.
Teachers were then given CDs and pamphlets summarising the session content. Based
on Smeltzer 2011 textbook
Content was reviewed by 2 respiratory specialists
Number/duration of sessions: 3 sessions (approximately 1 hour each) conducted in
schools
Delivered by/to: by primary researcher with nursing degree, trained by 2 respiratory
specialists (lecture discussion and PowerPoint presentation). Delivered to primary school
teachers
Follow-up: after 1 week, and then 3 months later
Control
No intervention. Assessed at beginning and end
Outcomes Structured questionnaire with demographic data and the Asthma General Knowledge
Questionnaire for Adults (AGKQA - Allen and Jones 1998, 0 to 31, higher = better)
Notes Trial registration: not reported
Funding: “The author(s) received no financial support for the research, authorship, and/
or publication of this article”
Note: “None of the teachers had received an educational session or workshop about
asthma in the past. All were Muslims and did not have asthma or family members with
asthma. No children with asthma were in the classes of teachers in the selected sample“
Risk of bias Risk of bias
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Bias Authors’ judgement Support for judgement
Random sequence generation (selection
bias)
Unclear risk “The primary researcher generated the ran-
dom allocation sequence, enrolled partic-
ipants, and assigned participants to inter-
vention”
“Eighty teachers were randomly selected
and were then randomly allocated either to
the experimental or the control group to
have 40 in each”
Report describes a multi-level sampling
procedure but does not describe how the
sequence was generated
Allocation concealment (selection bias) High risk “The primary researcher generated the ran-
dom allocation sequence, enrolled partic-
ipants, and assigned participants to inter-
vention.” Slips of paper were used, and the
same person completed all steps of ran-
domisation, which may have introduced
bias
Blinding of participants and personnel
(performance bias)
All outcomes
High risk Blinding was not possible for those deliv-
ering or receiving the intervention, which
may have, intentionally or unintentionally,
affected how participants and study staff in
each group behaved
“The teachers who completed the pre-test
did not know their group assignments, but
the researcher knew the groups in which
they were included. Teachers were made
aware of their groups prior to the beginning
of the education implementation.”The risk
is not necessarily high for all outcomes, so
we considered the possible effect of per-
formance bias separately for each outcome
when applying GRADE
Blinding of outcome assessment (detection
bias)
All outcomes
High risk Teachers filled in the questionnaires at the
start and end of the study, which may have
introduced detection bias
“A code number was given to each teacher
in both groups to mask their participa-
tion and keep their data confidential”. This
likely would have at least masked the anal-
ysis of the data
33Asthma education for school staff (Review)
Copyright © 2017 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.
Kawafha 2015 (Continued)
Incomplete outcome data (attrition bias)
All outcomes
Low risk “Eighty teachers were randomly allocated
either to the experimental or the control
group to have 40 in each”. Abstract reports
36 and 38 in each arm, suggesting that
4 were not included in the experimental
group (10%) and 2 were not included in
the control group (5%)
Selective reporting (reporting bias) Unclear risk The studymentions only 1outcome,which
is reported at the 2 time points described.
No associated protocol is available to check
whether other outcomes were measured
and not reported
McCann 2006
Methods Study design: parallel cluster-RCT
Length of observation: 12 months
Setting: 24 primary/junior schools in the south of England, UK (English language)
Participants Population: 12 schools (106 pupils with asthma) were randomised to the intervention
group and 12 schools (113 pupils with asthma) to the control group
Age group: primary - ages 7 to 9 (years 3 and 4)
Socioeconomic status:No differences were found betweenNI and IV groups at baseline
in markers of social deprivation (baseline info not available)
Baseline characteristics
Intervention: % male 52.8; 21.5% had at least 1 parent who smokes
Control: % male 58.4; 30% had at least 1 parent who smokes
All between 7 and 9 years of age
Inclusion criteria: primary schools in the south of England. Families of children in
years 3 and 4 were invited “on the basis of information relating to a current diagnosis
of asthma, the use of asthma medication and symptoms of wheeze over a previous 12-
month period”
Exclusion criteria: not reported
Interventions Intervention
Summary of content:
Nurse-led intervention consisted of a staff training session (duration 45 minutes) and
an asthma workshop for pupils (duration 45 minutes). A model asthma policy related
to care and management of asthma was offered to schools based on examples used in
previous studies [17] and the National Asthma Campaign information pack for schools
[23], as well as further support and advice for writing of their own policies. The class
teacher was present at nurse-led pupil workshops
In IV schools, these workshops focused on asthma as a cause of cough and wheeze, a
description of the respiratory system consistent with the Science National Curriculum
for pupils 7 to 9 years of age and what it feels like to have asthma and how to help a
friend who is coughing and finding it difficult to breathe. The latter involved a role-play
with a school nurse as the teacher, in which the importance of taking the teacher to a
34Asthma education for school staff (Review)
Copyright © 2017 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.
McCann 2006 (Continued)
coughing child, rather than the child to the teacher, was emphasised. Pupils with asthma
were invited to participate as experts if they wished but were not compelled to do so
Number/duration of sessions: 1 staff training session (45 minutes) and an asthma work-
shop for pupils (45 minutes)
Delivered by/to: by a nurse to staff (teachers, lunchtime supervisors, caretakers and
secretaries) and pupils in years 3 and 4
Follow-up: children and staff followed up for 1 year
Control
Children (not teachers) in NI schools took part in a workshop (45 minutes) about the
respiratory system and how the body defends itself against infection, also consistent with
the National Curriculum. No mention was made of asthma during this NI workshop
Outcomes School absences (primary), establishment of asthma policies and procedures, staff asthma
knowledge, pupil asthma knowledge, prescribed medication according to BTS steps,
asthma symptom reporting, quality of life, perceived self-competence and self-esteem
Notes Trial registration: not reported
Funding: National Health Service Research and Development (Project AM1/08/008)
administered by theNational AsthmaCampaign (AsthmaUK);Merck, Sharp&Dohme
(UK) Ltd
Risk of bias Risk of bias
Bias Authors’ judgement Support for judgement
Random sequence generation (selection
bias)
Unclear risk “Pairs of schools were matched on demo-
graphic characteristics and randomly as-
signed inpairs to the non-intervention (NI)
group and the intervention (IV) group”
No description of the random sequence
Allocation concealment (selection bias) High risk Matching schools into pairswouldnot have
allowed the sequence to be fully concealed
Blinding of participants and personnel
(performance bias)
All outcomes
High risk It was not possible to blind participants and
personnel to treatment assignment. The
risk is not necessarily high for all outcomes,
so we considered the possible effect of per-
formance bias separately for each outcome
when applying GRADE
Blinding of outcome assessment (detection
bias)
All outcomes
High risk Most of the outcomeswere self-rating scales
completed by staff and pupils who were
aware of the group to which they belonged
Incomplete outcome data (attrition bias)
All outcomes
High risk “A total of 23 out of 24 (95.8%) schools
completed the study (fig. 1). One school
withdrew as the result of a change in head
teacher. In total, 20 children moved out
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of the area and a further six children were
withdrawn from the study because they or
their school withdrew. A total of 193 out
of 219 (88.1%) children with asthma com-
pleted the study”
13 children from each arm did not com-
plete the study (12.3% and 11.5% for
intervention and control groups, respec-
tively), which is balanced
“Absence data were available for 186 out of
193 (96.4%) study children with asthma”
However, missing data were substantial for
some outcomes, particularly staff asthma
knowledge: “While 481 members of staff
completed a questionnaire pre-interven-
tion, only 149 (31%) of these staff mem-
bers completed post-intervention ques-
tionnaires”
Selective reporting (reporting bias) High risk Data for several outcomes of interest to the
review were not reported in a way that al-
lowed them to be included in a meta-anal-
ysis. The focus was on associations with
treatment modifiers (e.g. sex, pet owner-
ship, social deprivation) rather than on
overall treatment effects versus the control
group. Some outcomes were just reported,
as “no effect of the intervention was found”
(e.g. absence)
AGKQA: Asthma General Knowledge Questionnaire for Adults
AQLQ: Asthma Quality of Life Questionnaire
BTS: British Thoracic Society
ICS: inhaled corticosteroid
IV: intervention
NAKQ: Newcastle Asthma Knowledge Questionnaire
NI: non-intervention
PACE: Physician Asthma Care Education
PAQLQ: Paediatric Asthma Quality of Life Questionnaire
PCP: primary care physician
PD/H/PE: personal development/health/physical education
RCT: randomised controlled trial
SD: standard deviation
SE: standard error
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Characteristics of excluded studies [ordered by study ID]
Study Reason for exclusion
Abdel Gawwad 2007 Not an RCT - pre-post experimental research design. Summarised in discussion
Al-Sheyab 2015 Population does not match the inclusion criteria - intervention aimed at school students, not staff
Bruzzese 2011 Population does not match the inclusion criteria - intervention aimed at school students with symptoms but
no diagnosis of asthma (n = 30)
Bruzzese 2011a Population and intervention do not match the inclusion criteria - aimed at students and healthcare providers,
not school staff
Bruzzese 2014 Population and intervention do not match the inclusion criteria - aimed at school students with symptoms
but no diagnosis of asthma (n = 399)
Bush 2014 Population does not match the inclusion criteria - intervention aimed at school students, not staff, and
publication is assessing the level of agreement between student and parent scores
Cicutto 2003 Population does not match the inclusion criteria - intervention aimed at students and parents, not staff
Cicutto 2013 Population and intervention do not match the inclusion criteria - focus of the intervention is the Roaring
Adventure of Puff programme for students
Clark 2004 Population and intervention do not match inclusion criteria - main focus of the intervention was educating
students rather than staff
Clark 2013 Study design does not match the inclusion criteria - not an intervention study
Francis 2000 Intervention does not match the inclusion criteria - offering an asthma review at school rather than at the
GP surgery office
Gallefoss 1997 Population does not match the inclusion criteria - intervention aimed at students, not staff
Gerald 2006 Population and intervention do not match inclusion criteria - main focus of the intervention was educating
students rather than staff
Gibson-Young 2014 Study design does not match the inclusion criteria - survey, not RCT
Halterman 2012 Population and intervention do not match inclusion criteria - web-based system for healthcare providers to
monitor children in school, not aimed at educating staff
Hazell 1995 Not an RCT - teachers attended a seminar but were not randomised. Summarised in discussion
Henry 2006 Not an intervention study - national policy paper
Horspool 2013 Population and intervention do not match the inclusion criteria - aimed at parents to prevent exacerbations
at school, not staff
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Kintner 2009 Population and intervention do not match the inclusion criteria - aimed at students and parents, not school
staff
Kintner 2015 Population does not match the inclusion criteria - aimed at students, and teachers participated in delivering
the intervention rather than receiving it
Korta Murua 2012 Study design does not match the inclusion criteria - not an RCT. Described as a “before and after quasi-
experimental study”. Summarised in discussion
McGhan 2000 Population does not match the inclusion criteria - aimed at students, not school staff
Monforte 2012 Population does not match the inclusion criteria - aimed at students, not school staff
Murray 2007 Study design does not match the inclusion criteria - systematic review
NCT00005736 Design and intervention do not match the inclusion criteria - observational study aimed primarily at children,
with a lesser focus on parents, peers and school staff (unclear if the same study as NCT00005735)
NCT00304304 Population does not match the inclusion criteria - intervention primarily aimed at very young children 1 to
5 years of age, not at staff. Also cross-over design
NCT01607749 Population does not match the inclusion criteria - intervention delivered through teachers to children, not
for staff
Olympia 2005 Study design does not match the inclusion criteria - survey, not RCT
Perry 2015 Population and intervention do not match the inclusion criteria - asthma education delivered via telemedicine
to children with asthma, their
caregivers and school nurses as part of a comprehensive telemonitoring system in schools
Snow 2004 Study design does not match the inclusion criteria - inception cohort and historical controls
Soo 2013 Study design does not match the inclusion criteria - systematic review
Splett 2006 Intervention does not match the inclusion criteria - partnership between schools, healthcare providers and
parents to improve adoption of asthma guidelines
Tapp 2011 Intervention does not match the inclusion criteria - the school-based care arm does not mention specific
training to be provided to staff, rather “an electronic data capture system to a robust CDC funded school-based
intervention to assist with evaluation and to link the school-based care team with primary care providers”
Wong 2004 Study design does not match the inclusion criteria - survey, not RCT
GP: general practitioner
RCT: randomised controlled trial
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D A T A A N D A N A L Y S E S
Comparison 1. Staff asthma education versus control
Outcome or subgroup title
No. of
studies
No. of
participants Statistical method Effect size
1 Visits to ED/hospital (mean per
child)
Other data No numeric data
2 Asthma control - quality of life
(PAQLQ)
2 Mean Difference (IV, Random, 95% CI) Subtotals only
2.1 Main follow-up (6 to 12
months)
2 1005 Mean Difference (IV, Random, 95% CI) 0.14 [-0.03, 0.31]
2.2 24-month follow-up 1 368 Mean Difference (IV, Random, 95% CI) -0.20 [-0.52, 0.12]
3 Adherence to asthma policies 2 Odds Ratio (M-H, Random, 95% CI) Subtotals only
3.1 Policy ownership 2 57 Odds Ratio (M-H, Random, 95% CI) 4.45 [1.38, 14.30]
3.2 Improvement in measures
to prevent attacks
1 29 Odds Ratio (M-H, Random, 95% CI) 9.33 [1.65, 52.68]
3.3 Ability to administer
salbutamol
1 33 Odds Ratio (M-H, Random, 95% CI) 20.22 [3.45, 118.65]
4 Absenteeism related to asthma
(mean per child)
Other data No numeric data
5 Staff preparedness - asthma
knowledge
3 640 Std. Mean Difference (IV, Random, 95% CI) 0.74 [0.33, 1.16]
Analysis 1.1. Comparison 1 Staff asthma education versus control, Outcome 1 Visits to ED/hospital (mean
per child).
Visits to ED/hospital (mean per child)
Study Type of visit Education (N=244)
1 year
Control (N=228)
1 year
Education (N=195)
2 years
Control (N=173)
2 years
Bruzzese 2006 Hospital visits 0.1 (0.4) 0.1 (0.6) 0.2 (0.6) 0.1 (0.3)
Bruzzese 2006 ED visits 1.0 (1.8) 1.3 (3.2) 0.9 (2.2) 0.9 (1.8)
Bruzzese 2006 Urgent care visits 2.1 (3.5) 3.2 (13.8) 1.7 (3.0) 1.8 (3.6)
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Analysis 1.2. Comparison 1 Staff asthma education versus control, Outcome 2 Asthma control - quality of
life (PAQLQ).
Review: Asthma education for school staff
Comparison: 1 Staff asthma education versus control
Outcome: 2 Asthma control - quality of life (PAQLQ)
Study or subgroup Asthma education Control
Mean
Difference Weight
Mean
Difference
N Mean(SD) N Mean(SD) IV,Random,95% CI IV,Random,95% CI
1 Main follow-up (6 to 12 months)
Bruzzese 2006 (1) 244 0.4 (1.5) 228 0.3 (1.6) 37.1 % 0.10 [ -0.18, 0.38 ]
Henry 2004 (2) 299 5.27 (1.2) 234 5.11 (1.3) 62.9 % 0.16 [ -0.06, 0.38 ]
Subtotal (95% CI) 543 462 100.0 % 0.14 [ -0.03, 0.31 ]
Heterogeneity: Tau2 = 0.0; Chi2 = 0.11, df = 1 (P = 0.74); I2 =0.0%
Test for overall effect: Z = 1.58 (P = 0.11)
2 24-month follow-up
Bruzzese 2006 (3) 195 0.4 (1.5) 173 0.6 (1.6) 100.0 % -0.20 [ -0.52, 0.12 ]
Subtotal (95% CI) 195 173 100.0 % -0.20 [ -0.52, 0.12 ]
Heterogeneity: not applicable
Test for overall effect: Z = 1.23 (P = 0.22)
-1 -0.5 0 0.5 1
Favours control Favours asthma education
(1) Caregiver scale, change from baseline at 12 months
(2) Student-report at 6 to 8 months post-intervention
(3) Caregiver scale, change from baseline at 24 months
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Analysis 1.3. Comparison 1 Staff asthma education versus control, Outcome 3 Adherence to asthma
policies.
Review: Asthma education for school staff
Comparison: 1 Staff asthma education versus control
Outcome: 3 Adherence to asthma policies
Study or subgroup Asthma education Control Odds Ratio Weight Odds Ratio
n/N n/N
M-
H,Random,95%
CI
M-
H,Random,95%
CI
1 Policy ownership
Henry 2004 10/17 3/16 54.4 % 6.19 [ 1.27, 30.17 ]
McCann 2006 6/12 3/12 45.6 % 3.00 [ 0.53, 16.90 ]
Subtotal (95% CI) 29 28 100.0 % 4.45 [ 1.38, 14.30 ]
Total events: 16 (Asthma education), 6 (Control)
Heterogeneity: Tau2 = 0.0; Chi2 = 0.37, df = 1 (P = 0.54); I2 =0.0%
Test for overall effect: Z = 2.50 (P = 0.012)
2 Improvement in measures to prevent attacks
Henry 2004 14/17 4/12 100.0 % 9.33 [ 1.65, 52.68 ]
Subtotal (95% CI) 17 12 100.0 % 9.33 [ 1.65, 52.68 ]
Total events: 14 (Asthma education), 4 (Control)
Heterogeneity: not applicable
Test for overall effect: Z = 2.53 (P = 0.011)
3 Ability to administer salbutamol
Henry 2004 (1) 14/17 3/16 100.0 % 20.22 [ 3.45, 118.65 ]
Subtotal (95% CI) 17 16 100.0 % 20.22 [ 3.45, 118.65 ]
Total events: 14 (Asthma education), 3 (Control)
Heterogeneity: not applicable
Test for overall effect: Z = 3.33 (P = 0.00087)
Test for subgroup differences: Chi2 = 2.04, df = 2 (P = 0.36), I2 =2%
0.01 0.1 1 10 100
Favours control Favours asthma education
(1) Reported by the principal of each school
Analysis 1.4. Comparison 1 Staff asthma education versus control, Outcome 4 Absenteeism related to
asthma (mean per child).
Absenteeism related to asthma (mean per child)
Study Timepoint Education group Education N Control group Control N
Bruzzese 2006 1 year 0.5 (SD 1.4) 244 0.9 (SD 1.8) 228
Bruzzese 2006 2 years 0.8 (SD 1.5) 195 0.8 (SD 1.6) 173
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Analysis 1.5. Comparison 1 Staff asthma education versus control, Outcome 5 Staff preparedness - asthma
knowledge.
Review: Asthma education for school staff
Comparison: 1 Staff asthma education versus control
Outcome: 5 Staff preparedness - asthma knowledge
Study or subgroup Asthma education Control
Std.
Mean
Difference Weight
Std.
Mean
Difference
N Mean(SD) N Mean(SD) IV,Random,95% CI IV,Random,95% CI
Bell 2000 (1) 36 21.22 (3.4296) 45 19.98 (3.0945) 30.2 % 0.38 [ -0.06, 0.82 ]
Henry 2004 (2) 260 18.96 (4.8) 225 15.6 (5.5) 42.4 % 0.65 [ 0.47, 0.84 ]
Kawafha 2015 (3) 36 25.93 (3.1) 38 18.73 (7.09) 27.4 % 1.29 [ 0.79, 1.79 ]
Total (95% CI) 332 308 100.0 % 0.74 [ 0.33, 1.16 ]
Heterogeneity: Tau2 = 0.10; Chi2 = 7.51, df = 2 (P = 0.02); I2 =73%
Test for overall effect: Z = 3.53 (P = 0.00041)
Test for subgroup differences: Not applicable
-2 -1 0 1 2
Favours control Favours asthma education
(1) Newcastle Asthma Knowledge Questionnaire; 4 weeks after intervention. Data adjusted for clustering using estimated ICC 0.05
(2) Newcastle Asthma Knowledge Questionnaire; 5 to 8 months after intervention
(3) Asthma General Knowledge Questionnaire; 3 months after intervention
A D D I T I O N A L T A B L E S
Table 1. Intervention characteristics
Study Population Setting Asthma preva-
lence
Follow-up Asthma diagno-
sis
Intervention
Bell 20000 113 teachers Primary schools,
UK
% classes
by children with
asthma:
0 = 17%
1 to 4 = 59%
5 or more = 23%
1 month Unclear Single 40-
minute session
for teachers
Bruzzese 2006 591 children
with asthma and
their families
Primary schools,
USA
All families had a
child with
asthma
Most 12 months,
some outcomes
at 24 months+
Clinician diag-
nosis and persis-
tent symptomsa
3-day health
team workshop,
single 45-minute
sessions
for teachers, on-
going school sup-
port
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Table 1. Intervention characteristics (Continued)
Henry 2004 1815 teachers
(776 with data)
Year 8 classes,
Australia
23.7% of inter-
vention group;
20.8% of control
group
6 to 8 months Clinician di-
agnosis + asthma
medication or at-
tack in the previ-
ous year
Seminar + 3 in-
school teacher-
led sessions for
staff
Kawafha 2015 80 teachers Primary schools,
Jordan
None 3 months N/A 3 in-school ses-
sions for teachers
McCann 2006 209 children
with asthma and
their families
Primary schools,
UK
All families had a
child with
asthma
12 months Asthma medica-
tion and wheeze
in previous year
Single 1-hour
session for teach-
ers +
45-minute work-
shop for pupils
aNHLBI criteria = daytime symptoms at least 3 times a week and night-time symptoms 3 or more times a month aNHLBI criteri
symptoms at lea
week andnight-ti
3 or more times a
A P P E N D I C E S
Appendix 1. Sources and search methods for the Cochrane Airways Group Specialised Register
(CAGR)
Electronic searches: core databases
Database Frequency of search
CENTRAL Monthly
MEDLINE (Ovid) Weekly
Embase (Ovid) Weekly
PsycINFO (Ovid) Monthly
CINAHL (EBSCO) Monthly
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(Continued)
AMED (EBSCO) Monthly
Handsearches: core respiratory conference abstracts
Conference Years searched
AmericanAcademyofAllergy, Asthma and Immunology (AAAAI) 2001 onwards
American Thoracic Society (ATS) 2001 onwards
Asia Pacific Society of Respirology (APSR) 2004 onwards
British Thoracic Society Winter Meeting (BTS) 2000 onwards
Chest Meeting 2003 onwards
European Respiratory Society (ERS) 1992, 1994, 2000 onwards
International PrimaryCareRespiratoryGroupCongress (IPCRG) 2002 onwards
Thoracic Society of Australia and New Zealand (TSANZ) 1999 onwards
MEDLINE search strategy used to identify trials for the CAGR
Asthma search
1. exp Asthma/
2. asthma$.mp.
3. (antiasthma$ or anti-asthma$).mp.
4. Respiratory Sounds/
5. wheez$.mp.
6. Bronchial Spasm/
7. bronchospas$.mp.
8. (bronch$ adj3 spasm$).mp.
9. bronchoconstrict$.mp.
10. exp Bronchoconstriction/
11. (bronch$ adj3 constrict$).mp.
12. Bronchial Hyperreactivity/
13. Respiratory Hypersensitivity/
14. ((bronchial$ or respiratory or airway$ or lung$) adj3 (hypersensitiv$ or hyperreactiv$ or allerg$ or insufficiency)).mp.
15. ((dust or mite$) adj3 (allerg$ or hypersensitiv$)).mp.
16. or/1-15
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Filter to identify RCTs
1. exp “clinical trial [publication type]”/
2. (randomized or randomised).ab,ti.
3. placebo.ab,ti.
4. dt.fs.
5. randomly.ab,ti.
6. trial.ab,ti.
7. groups.ab,ti.
8. or/1-7
9. Animals/
10. Humans/
11. 9 not (9 and 10)
12. 8 not 11
The MEDLINE strategy and RCT filter are adapted to identify trials in other electronic databases.
Appendix 2. Search strategy to identify relevant trials from the CAGR
#1 AST:MISC1
#2 MeSH DESCRIPTOR Asthma Explode All
#3 asthma*:ti,ab
#4 #1 or #2 or #3
#5 MeSH DESCRIPTOR Schools Explode All
#6 MeSH DESCRIPTOR Teaching
#7 MeSH DESCRIPTOR School Health Services
#8 MeSH DESCRIPTOR School Nursing
#9 teacher*
#10 classroom* NEXT assistant*
#11 teaching* NEXT assistant*
#12 school* NEAR nurs*
#13 (school* or teach*) NEAR (staff* or personnel*)
#14 (school*) NEAR (intervention* or program* or project* or promotion* or campaign*)
#15 #5 or #6 or #7 or #8 or #9 or #10 or #11 or #12 or #13 or #14
#16 #4 AND #15
[Note: in search line #1, MISC1 denotes the field in the record where the reference has been coded for condition, in this case, asthma]
Appendix 3. Supplementary database searches
Web of Science
TOPIC: (asthma*) AND TOPIC: (school* or teacher* or teaching*) AND TOPIC: (random*)
Refined by: TOPIC: (staff )
ClinicalTrials.gov
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Study type: interventional
Condition: asthma
Intervention staff education
C O N T R I B U T I O N S O F A U T H O R S
As planned in the protocol, KK screened all references, extracted data and assessed risk of bias for all studies. RC and TD shared
duplication of these tasks, and all review authors contributed to final decisions about study inclusion. KK performed the meta-analyses
and led the write-up, with support from all review authors.
D E C L A R A T I O N S O F I N T E R E S T
Kayleigh Kew: none known.
Robin Carr: none that are relevant to the interventions considered in this review. I am a part-time Partnership GP. I work as the long-
term conditions lead for the Oxfordshire Clinical Commissioning Group for respiratory illness and was the medical director of the
Somerset COPD service until October 2014. I have received a salary from each of these employers. I have organised primary care
education for over 20 years and have received honoraria from GSK, BI, AZ and Chiesi over the past 36 months for lectures presented
to primary care staff. I received travel reimbursement for attending a Cochrane Airways Group meeting in 2014 and in 2015.
Tim Donovan: none known.
Morris Gordon: none that are relevant to the interventions considered in this review. I have received travel and educational grants
from various companies over the past three years, including Ferring, Danone/Nutricia, Abbott, Biogaia and Clinova. None of these
companies were involved in the planning, design, execution or write-up of this review.
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D I F F E R E N C E S B E TW E E N P R O T O C O L A N D R E V I E W
We were not able to carry out qualitative analysis as planned because information on the interventions provided was insufficient. We
attempted to contact study authors to ask for more information, but they were unable to provide it, or we were not able to make
contact. We were also unable to conduct some of the planned quantitative syntheses, particularly subgroup and sensitivity analyses,
because usually only one or two studies reported each outcome; we have explained this in greater detail in the Effects of interventions
section.
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